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WITH STREAMWISE TIPS

SUPERSONIC LEADING AND TRATLING EDGES
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SUMMARY

On the basis of the linearized supéersonic-flow theory the span load
distributions resulting from constant angle of attack, from steady rolling,
and from steady pitching were calculated for a series of thin sweptback
tapered wings with streamwise tips and with supersonic leading end trailing
edges, The results are valid for the Mach number range for which the
Mach line from either wing tip does not intersect the remote half-wing.

The results of the analysis are presented as & series of design
charts. Some illustrative verlations of the spanwilse distribution of
circulation with the various design parameters are also presented.

INTRODUCTION

. A knowledge of aerodynsmic spanwilse loading is of great value in
performing aerodynamic calculations., In references 1 to 4 the linearized
upwash behind a lifting wing 1s shown to be largely determined by the
spanwise loading except for the region close to the tralling edge. It
may also be demonstrated that, except in the vicinity of the trailing
edge, the sidewash velocity component is also largely determined by the
spanwlse loading. The aim of the present paper is to determine spanwise
loadings for a series of thin sweptback tapered wings with streamwise
tips and with supersonic leading and tralling edges. These spanwise
Jloadings can be utilized in connection with the estimation of flow fields
although the results of the analysis may also be applied to problems in
aerodynamic loads and aeroelasticity.- .

The spanwise distribution of circulation resulting from a constant
angle of attack was evaluated chiefly because of the significance of the
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downwash induced by the wing on the horizontal tail surfaces. Similarly,
the spanwlse distribution of circulation resulting from a constant rate

of roll was evaluated principally because of the significance of the
velocities induced by the wing on the tail-surface contribution to
stability and damping. The spanwise distribution of circulation resulting
from a constant rate of pitch was evaluated because of the possible
lmportance of the downwash induced by the pitching wing on the horizontal
tail surfaces and because the downwash resulting from a pitching wing is
one component of the downwash induced by a wing with a constant vertical
acceleration. (See reference 5.)

This paper presentis calculated curves for the spanwise distribution
of circulation (the spanwise distribution of circulation is proportional
to the spanwise loading) resulting from a constant angle of attack, a
constant rate of roll, and a constant rate of pitch. The wings considered
have an arbitraty taper ratio, leading and tralling edges that are
straight across the semispan and swept at a constant angle, and tips
that are parallel to the free-stream directlion. The results are valid
for the range of Mach number for which the leading and trailing edges
are supersonic.

The results of the analysis are given in the form of generalized
equations for the spanwise distribution of circulation resulting from
a constant angle of attack, a constant rate of roll, and a constant rate
of -pitch. A series of design curves is presented from which rapid
estimation of the spanwise distributions of circuletion can be made
for given values of aspect ratio, taper ratio, Mach number, and leading-
edge sweep. Some illustrative variations of the spanwise distributions
of circulation are also presented.

SYMBOLS
A . aspect ratio
B = \M° - 1
h spanwise coordinate of intersection of trailing edge of wing
and Mach line from wing tip
cy sectlion 1ift coefficient -
ACP pressure-difference coefficient
c chord (subscript r refers to root chord)

mean aerodynamic chord

ot
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g(x3)

gl(x)y) E} 82(}(,}')

spanwise coordinate of intersection of trailling edge
of wing and Mach line reflected from wing tip

spanwise coordinate of intersection of trailing edge
of wing and Mach. line from leading edge of wing

expression for that part of boundary of area S,

not made up of Mach lines from point (x,y)(see
fig. 3) : .

limits of integration (see fig. 3)

H distance in chord lengths from wing aspex to center-of-
gravity location for wing with a static margin
of 0,05¢

b wing span

k=C°’GATE___ | AB(L + \)

cot A AB(L + A) - 4mB(1 - )

ccy spanwlse loading

M Mach number

m cot A

P defined by equation (6)

P rate of roll

a rate of pitch

51 _area of integration .

v free-stream Yelodity

X, ¥, 2 rectangular coordinates (x-axis parallel to free-
stream direction)

X1, Y1 auxiliary rectangu;ar coordinates

a angle of attack

r spanwise distribution of circulation (defined by

equation (2))
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velocity potential on wing upper surface

sweep of wing leading edge (see fig. 1)

taper ratio

¢

A

Aqg sweep of wing trailing edge (see fig. 1)
A

Eﬁ indicates a closed line'integral

Subscript:

TE refers to wing trailing edge

ANATYSTS

Scope

e

The analysis is limited to calculations of the spanwise distributions
of clrculation for wings of vanishingly small thickness that have zero
camber, The results are valid for a range of supersonic speeds for
which the leading and trailing edges are supersonic (the components of
free-stream velocity normal to the edges are supersonic). The wing
configurations considered are defined by the information and sketches
given in figure 1. These wings have an arbitrary taper ratio, stream-
wise tips, and sweptback leading edges, although the trailing edges may
be either sweptback or sweptforward. A further restriction is that the
Mach line from either tip may not intersect the remote half-wing.

Method

Basic considerations.- The evaluation of the spanwise loadilngs

generally requires .the knowledge of the pressure distribution on the
wing surface or the knowledge of the perturbation velocity potential
along the wing trailing edge. These two quantities are related by the
Tollowing expression: .

TE
CCZ=fLE AdeJc:;QXTE (1)
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The spanwise distribution of circulation is related to the spanwise
loading and the trailing-edge potential by the following equation:

TE
I'=2fm¢xdx=2¢TE=%ccz (2)

In the remaining sections the spanwise distribution of circulation will
be used in preference to the spanwise loading since flow~field calculations
are generally set uw in terms of the spanwise distribution of circulation.

Determination of the trailing-edge potential, - The potential

function ¢ must satlisfy the linearized partial-differential equation
of steady flow and the boundary conditions that are associated with the

wing in its prescribed motion. The boundary conditions on a wing performing
the motions considered here are: :

For a constant angle of attack, /

¢Z = -V (Z = O) (33')

For a constant rate of roll,

¢z = -py (z = 0) (3p)

For a constant rate of pitch,

0) (3c)

¢z = ~-0x (z

Note that, within the framework of the linearized theory, the boundary
condition for a wing with a constant rate of roll is also the boundary
condition for a wing vhich has a linear lateral twist and that the
boundary condition on a wing with a constant rate of pitch 1s also the
boundary condition on & wing which has linear camber,

The potential along the wing trailing edge can be determined by
Evvard's method (reference 6). From this reference the potential at
any point on the upper surface of the wing may be expressed as

Jox) = -2, fs i a9

1/ (x - x)2 - B3(y - 71)?
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The area of integration $S7 is the area of the wing plan form within

the "effective" forward Mach cone from the point (x,y)'.

such a region of integration.

Figure 2 shows
For the motions of the wing considered

herein, the potential on the upper surface of the wing may be obtalned

by substituting equations (3)
indicated integrations.

into equation (4) and performing the

The evaluation of the integrals involved in finding the potential
can, however, be simplified by making use of the well-known relation

(reference 7, p. 181)

i

From a comparison of equations (4) and (5) the function P(x3,¥y7)

seen to be given by

P(x3,y1) = - L

aP (xl? yl)

dxy dyy = —‘ggP(xl,yl) dxy - (5)

is

@z

- B(y -

&y, (6)

\/(x—xl

y1)2

Hence, from equations (3), (%), (5), and (6) the potential on the upper
surface of a wing is as follows:

For a constant angle of attack,

-1 B(y - Yl)

X—Xl

oV

¢(x,y) TTB- 5

gin
1

(7)

For a constant rate of roll,

#(x,y) = 55 [ \](X - 2 - 32()' Y1)2 +7 Sin-l M] dxy

X-—Xl

(8)
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For a constant rate of pitch,

N =i gin~L B(y - ¥1) ax
B(x,y) @Sélxl g (9)

The line integrals in equations (7) to (9) along the Mach lines from
the point (x,y) can be easily evaluated. The following expressions
for the potentials are obtained:

For a constant angle of attack,

| g (X) -
#(x,y) = ;—Yl: - g (x,y) - 82(":3’)] av f 2 p1 Bly - &(x1)] axg

1(x) X =-x
(10)
For a constent rate of roll,
#(x,) = [ex () - eyl +
82(X) P—
) \lx—n) - B [y-g(xl)]
81 x
¥ sin™t §I%ct-féflzl dxq (11)
For a constant rate of pitch,
2 2
#(x,y) = % % - l:gl(x;yﬂ - [ge(x;y)] +
(x)
—:;3' 2 x7 sin~t Bly - ela)] 4 (12)

g1 (x) x =X
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where g(xl) is the expression for that part of the boundary of the
area S3 that does not contain the Mach lines from the point (x,y),
and where gj(x) and gpo(x) are the limits of integration which are

actually the end points of the g(x;) boundary. (See fig. 3.) Note

that equations (10), (11), and (12) are applicable to any plan form to
which Evvard's method can be applied. Since there are no singularities
in the integrands of these equations they can be evaluated numerically
without difficulty.

RESULTS

Expresslons for the trailing-edge potentials were either taken

from teble I of reference 8 or found by the use of equations (10), (11),
and (12). The spanwise distribution of circulation was expressed as a
function of y Dby-substituting the equation for the trailing edge into
the expressions for the potential difference between the upper and lower
surfaces of the wing., These expressions for the spanwise distributions
of circulation are presented for constant angle of attack in table I,
for constant rate of roll in table II, and for constant rate of pitch

in table IIT. The formulas are valid for elther sweptforward or swept-
back trailing edges, the proper applications depending on the sign of k.,

The results of the calculations for the spanwise distribution of
circulation for wings with a constent angle of attack are presented in
figures 4 to 9. An index of these figures is given in table IV. Similar
results for constent rate of roll are plotted in figures 10 to 15 and
for constant rate of pitching sbout the wing apex in figures 16 to 21,
with indexes of figures for the two types of motions listed in tables V
and VI, These figures are equally applicable for sweptback or sweptforward

trailling edges.

The results of the calculations presented in figures 16 to 21 are
for wings pitching sbout their apex, The spanwise distribution of
circulation for a wing pitching ebout an arbitrary point located a
distance xg downstream of the wing apex is given by

. axg
ryt'=ry4y = —7Tr 13
q e- 5 o (13)

where the subscript g Indicates the spanwise distribution of circulation
associated with a piltching wing and the subscript o Indicates the
spanwise distribution of circulatlon assoclated with a wing at a constant
angle of attack.
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Note that, if the total circulation of a wing is divided among
several lifting lines, the distribution of circulation associated with
each 1ifting line can be determined by the superposition of the distri-
butions of circulation associated with a number of wings. For this
reason the calculations were extended to rather large values of the
parameter AB.

Figures 4 to 21 indicate that in many cases the spanwise distribution
of circulation can be approximated very closely by simple curves. Thus
it is to be expected that for these cases the flow field behind the
wings could be calculated approximately by making use of these simple
curves that approximate the actual spanwise distribution of circulation.

Illustrative curves of the spanwise distribution of circulation for
wings with a constant angle of attack, a constant rate of roll, and a
constant rate of pitch are presented in figures 22, 23, and 2k,
respectively. In figure 24 the values presented were calculated by B
equation (13) for center of gravity located to provide a static margin
of 0,058, These figures show the effect on the spanwise distribution
of circulation of varying each of the parameters - aspect ratio, taper
ratio, Mach number, and leading-edge sweep - separately. Some specific
variations of the spanwise distribution of circulation with the position
of the axis of pitch are presented in figure 25,

CONCLUDING REMARK

On the basis of the steady linearized supersonic-~flow theory the
spanwise distribution of circuletion resulting from constant angle of
attack, from steady rolling, and from steady pitching was determined
for a series of thin sweptback tapered wings with streamwise tips and
with supersonic leading and trailing edges.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., October 24, 1951
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TABIE I.- CIRCULATIOH EXPRESSIONS FOR CORSTART AHGLE CF ATTACK

11.

. p  x[B1+2) - 2]
- v/2 AB(1 + M) (x +1)

Expression, for circulation along the spen; Mach
line coincident with leading edge

bvab/2 (] 1
0550 ;AB1+1qj_b%i‘\anz(lfnzu'ka)+m(1+x)§7§*16“2]if
B kvabfe | y . y
Sredst rﬁ(l_s%\le(l-m)lzn(1+ ).)(1‘+ k)ﬁ+ h{l

' \x|:AB(J.+ A)(En + 1) - k]
1':75 T BA T NEx+ D

2Bak[AB(1 + ) - 2

AB(L + 2)(Bek + 1)

s -

AB(L + A)(1 + B%Ex)s%»f

hoBk
R = rerer)

for circulati tbe Hach
Rangs of "5’5 Expression n; on ai;:ngip span;
. AB(1 + A)(1 - P2fx)-L- + kemx
... Euax + AB(L + 2)(1 - k)s’ﬂcoa-l b2 +
. xcaB(1 + A PPE - 1 R mEs(1+x)(1-x)§}a-+u€|
h
[} 5397'55575

21@/2‘7 2
xh&ﬁh—ﬂ

L (1+m)+LE£+x+m+1 +
(v/2)2 b/2_ AB(L + 1)

. la:m+AB(l+).)(1-k4)-_;§2— )
coe-

KB(L + AWEERE - 1

:[ABil) n - an?x)-bk + knB:El
EIEB(I +21 - k)ik + !umz]

2x(mB + 1) -
cos-) | DL2 +
ﬁl-k)*-ml-vﬂ

kEzk + AB(L + A}(2 + “E}'z" .‘__15-:{4:‘3(‘1 )+ B%)%Em
o

XAB(1 + Aﬂhm -1 mEB(l + A1+ k)t-:?:.: + hoiBx

e .
1+k+2m]3k)+m—

4Bk
AB(1 + 1)

- k= Bzk -
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TAELE T,~ CIBRCULATICH EXPHRSSIONS FOR CONSTART ABGIE GF ATTACK - Continned

Expression for circulation along the span; MHach
line intersecting tip

haBk
owab/2 luBk+AB(].+l)(1+k)-57§c“_1|;75(1-k+2mak)+m-Zk(nB-l) .

x nﬂl+l)@-—;_ L ;75(1+k)+ hinfx

—2 - | tmBx _faBk L,
k“(m+1)q(_b/2%(1+mk)+b/2EA3(l+1) k+ 228k + 1 +AB(1+).)+k Bk

n kA2 + 2+ 1) - ki
/2 AB(% + N)(Bex + 1)

BB
F}E'Jm(:u W(Ekx - 1)

Expression for circulstion along the span; Hach line from center intersecting
trailing edge and intersecting Mach lice from tip

— ZWmf2 E:m: + AB(L + A)(1 - x)b7a]

y
N AB(L + A)(l-anek)WE-}im .
«XAB(1 + L)“W-l

mEr.(l £ (1 - x);;-z- + hnm;]

AB(1 + 2)(1 + ﬁk);lﬂ-+ ko
BmEB(l + )1+ x);)Léq- knmE,

Emm; + AB(1 + A)(1 + k)_ﬂyi:lcoa‘l

2Vab/2 2 y2 y boBx ] koBk
—\,-—-—(1 Bok) + [ 2B -k~ -
* Nx(e=-1Y\ (v/e)2 *pe) ‘olz[ B n X+ M AB(1 + 1) k- B

xsm»,:ua(n;.)(1-x)35E ) EB(1+).)(1-32n2k)1-,75+th]
cOo8™ - -
B(1 + AYB=® - 1 mEn(1+ M - x);k+ lum:]

cos-1

Y AeBk
I:7E(1+k+a=m:)+ 1+1)-z:(=3+1) .
-7—(1-!)4- B
b/2 B+ 0

lmnx+n3(1+).)(1+x)#§m_l M1+X)(1+32n2k)3k+5m
KAB(L + AWBER - 1 Bafu(1 + N+ 0T+ ek |

AP &
'b/2"b/2s1

kaRx
owv/2 h-.nx+n(1+).)(1-x)§5mr1|g7i(1+x+ 2\:1:1:)4-“—3(m7-z|:(nm+1)_|+

| ey L geoeas |

2]‘%4—1 f ( Y MeBk hzBi
\J-(b/2)21+M)+W—2'E__HB(1+1,+]:+§&+£|+AB—T_1+1) - k + Rok
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TABLE X.- CIRCULATION EXPRESSIONS FOR CONSTANT ANGIE OF ATTACK - Continued

e . ImBX
. bf2 AB(L + 2)(Bak - 1)

p _X[B(1 + V(B + 1) - haB)
b/2 AB(1 + A)(Bmk + 1)

b/2

Expression for circulation along the spanj; Mach
1lins from center intersecting trailing edge

AB(1 + A)(1 - B2k + bRk
2Vab/2 Ean + AB(L + M)(2 - k)-ﬁ_lcorl )—;—
AB(1 + AWBPZ® - 1 ®,

BmEB(l + N - 0 han]
osﬁgsﬁg )

Emmk  AB(L+ W)(1 + x)—ﬂm-l AB(L + ).)(1)+ Bamzk)]—)k+ bRk
®. BuEB(1+ ANL + K0+ xmmEl

. S—y—s o avu.b/zEmBk+AB(1+X)(l-k)§i§_l
2 2 v |, o xB(l + AWERRR - 1

oVab/a  |'mEK + AB(1 + X)(1 - k)vyé cos-ll:‘_’yaiJf k + 2uBk) + —(“:—B%)- 2k(mB + 1)] .

S fBen2 - 1 KAB(1 + 1) _;_(1_,;) 1+x
v/2 7 b/2

AR+l 42 y bmBle hmBe .
W -—4(b/2)21+m)+-1)/—2E7——”31+1+k+2m3k+1 +A:BT__1+>.)-k Bmk

n 2EB(z+) - 2]
b2 AB(1 + )

Range of 'E;E Expression for circulation along the span; Mach line coincident with
leading edge; umnswept trailing edge

h bvan/z | 42 16
os‘_’%sm " \‘ (‘b/2)2+A232(1+ 2)2

kvab/2
ﬁESWyEsl x \{ ’b/2|:/2 AB(1+).;|
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TABIE I.- CIRCUIATION EXPRESSIONS FOR CONSTANT ANGIE OF ATTACK ~ Contimued

b _AB(1 + M)(Bm+ 1) - kB
b/2 BmAB(1 + 1)
a n2|§é(1+.).)-2|
b/2 O AB(L + A)
¥ - fon for circulst ; Mach lipe
Range of ﬂi Expu-esis-ng:mgztins tip;ion al;tngtthe Bpanedge‘:h
) 2Va.b/2 %_ hoB )] ll' BmAB(l+).
AB(1 + 2. bmB - AB(1+A.),W—
y b .
Sz o .
Y
_ B..p o -lm_le.AB(l+>.)W§+h
. 2 " aB(1 + A AB(1+1).§E+W
2Va.'b/2|— 2 ¥ v b ] bp
x L,l’nn—'.l\J-(b/a)2m+177§EAB(1+x)+l+2m+AB(1+1) Ba -1+
1 [ ap y] o an.B(1+).)-7_
Y872 - 1| 1AB(1 + ) /2 buB - AB(1+x)_§_
h < Y s d
b2 "2 " v/2
coa_llin(1+x)(1+zamj§+lmn-aAB(1+x)(mB+1)-|
kqma-ma(lul.)wyE J
Bm.AB(l+)._D2+h
[7_ AB(1+).)] AB(1 + >.)7-+1an13
ovab/2 E— 1I‘Am(l; x)(m-1)§§+hmn-m(1+>.)(m-1) .
= |E§-1 /2 AB(l"')') I_ A:B(1+7L)§E+hm3
a
assps? - v
2 -—y2—m+-—y—E—i-—-1+zn€|+i-+1—m
‘tﬁ (1?/2)2 bv/2| AB(1 + 1) AB(L + ))
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TABIE I,- CIRCUIATION EXFRESSIGHNS FOR CONSTANT AHGIE OF ATTACK - Continusd

15

i_AB(1+A.)(Bm+1) ]

b/2 BrAB(1 + A) t
< .
-, \ b/2 e .+
s h,l Z\e / b/2  AB(1 + 1)
Renge of - Expression for circulation along the span; Mach line from center intersecting h‘auing
b/2 edge and intersecting Mach line from tip; umswept trailing edge
i 2Vab/2 [% i baB ;:03- - B2m2AB(1 + k)—;—
B2 _ 1 \[b/2  AB(1 + 1) Emm AB(1+).)-H
os-L g
v/2 % v/2
L—y T )] o BamzAB(l+A)—7-+h-mB
b/2 " WL+ A - BmEB(l + 1)—7— + hmB:l
zv@/zJ' 2 y2 y B B
~ L = 1\’- (b/2)2m+W§EAB7_1+ x)+l+ 2m3:|+u——(1+ 3 ~Bn-1+
y
1 _[ BBy - BemzAB(l+l)S7§~hmB
VEe2 _ 1| [AB(1 + 1) /2 B
herce ° m[ AB(1 + ).)1-55]
bv/2  vf2 " b/2
coa'lFB(l + (1 + m)ﬂyz; liB - 24B(1 + A)(=B + 1) ‘+
kB - AB(1 + 1);75
l: B2m2AB(1 + x)-f- + 4B
—(—— cog™
7_ AB(1 + 2 BmEE(1+A)-7—+ hmB]
) 2Vab/2 v - kB con- IZB(1+1)(1+2&n)—7-+1mB 2AB(1+x)(mB+1)-
(B2 - 1 |[b/2 A+ L kB - AB(1 + A)-¥_
S5 ¥ g3 ' o
b/2  bf2

ET I ¥ y hmp : huB
2 +1q-(b/2)2m+ﬂ§EAB~(1+X)+1+2m€l+ﬂ*(l+l)-m—l
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TABIE I.- CIRCUIATION EXPRESSIONS FOR CONSTART ANGLE OF ATTACK - Concluded
L LB
b/2  AB(1 + 1)
N L b _AB(1+M)(Ba+ 1) - kB
ef\’:x b/2 b/2 BzAB(1 + A)
Y Expression Tor circulstion along the spen; Mach Iine from center intersecting
v ) trailing edge; wmsvept treiling edge
Zveb/2 E )] hun-mn(“;;sk
v e B - /2 KB(1+x Enn-m(1+ ”E%]
22 bzB
‘E7—+ fen —lcorl B AB(1+).);YE+
/2 " aB(1 + 2}l MEB(]'J'”E%“NEI
e ¥ h 2Vabz2 4mB
Eﬁsﬂé‘sbz E";E+ABZ1+7:|5
w2 3 o ] FB(1+1)(1+EBm)g/—2-+hnB-ZAB(l+A)(mB-1)
oy -xianz-l /2" 1B+ )| L 4B - AB(L + A)-L- )
by 1 b/2
2 " o/2
=Tl P X B B m
* (b/2)2h+b/2 AB(1+1)+ +aﬂ€|+m(1+x)\m :

b AB(L+ Ay - &
bf2  AB(L + A) - K1 - 1)

Ra: of
nge ;}5

Expression for circulation along the span; unswept leading edge; Mach line from
tip does not interszect remote half-wing

S h N kl-(l-xbz
oiﬁiﬁ'ﬂi B 2B+ )
M/Z(Q[ - x)-ﬂ AB(l + 1)(—5— - 1) + 2E- Q- x)b/?_
\ AB(1 + 1) 2f- (L
ﬁgi.;%sl [ )S@

B e e
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TABLE IT.- CIRCULATION EXPRESSIGNS FOR CONSTANT RATE OF ROLL

17

b _ x[aB(1 + ) - 3]

~o b/2  AB(L + A)(k + 1)
~
b/2 '
y Expressicn for circulation along the ; Mach
Range of /2 m”ﬁ.ﬁe :zi;cident wiag.h 122?133 edslgn;n
2

<Y B /2" 3 2 RN s 1
S s 53] 577 A282(1 + )20 k2)(—/T+8kAB(1+7\.)b/2+16k2k2
by 2p(b/2) - y e
bv/2 s b/2 st 3rkyf EL(l 3k) - 2 + AZB(l :h/ b/2 (1 AB(l + l):l

h_k[AB(1 + A)(Bm + 1) - mp]

b/2 AB(L + A)(Buk + 1)

a _zekfan(1 + ) - 2]
b/2 AB(1 + A)(Bak + 1)

¥ Expression for circulation elong the span;
Range of v/2 Mach line intersecting tip

(/2 | v ! Y2 (1. p2A?) 4 OBk ¥ 1632m2k2
kn(B22 - 1) b/2[(p/2) AB(1 + 1) b/2  A%B2(1 + e

|;1'2 (1 - k) (2B - 1 - k) + EBE(FRPE - 1) T
-1

=3 b/2) AB(1 + ) b2

1682022 :l 1 AB(1L +2)(1 - B2m2k)—Y_ 4+ hmBk

b/2
2
B2 v/ 25750+ )2 EnE.’B(l £ 0 - k)gé' + umi_l

El + k) (-2B%nk + k - 1) y2 5 - BBmk(B2m2k +1) ¥
(v/2) AB(L +1)  b/2

. 1632m2k2 AB(1 +A)(1 + Bzm%:)—j_ + lmBk
cos”™
AZB2(1 + )\):l EnEB(l +2)(1 + k) N + hmBlEl s
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TAELE IT.- CIRCULATICH EXPHESSIONS FOR CCQUSTART RATE OF ROLL - Contirmed

Expresgilon for circulation along the span;
Mach line intersecting tip

20/2° | 3 52 jane, 8y _168%A2 |iap gy
NPT I | TBa e o e g

1l 2 BoBk (B + 1) y
zlz(;/?)é(l+1:)(-z|32mak+k-1)-—-EEW—W.—2--

N 7
163%31;22—|m.1 il M-I WO I (1-x)(zB% -1-X) +
K221 + )7 BmEB(l +2)2 + k)L 4 hnnﬂ (v/2)%
v/2

) 2 2 y
Smx(sPnlx - 1) vy _16%A2 | AB(L + M) (B0 - Lo - ek

AB(L + %) b2 42821 + x)f_l BmEn(l +2)(1 - ”B%E + zmmgl )

lrx(1+x)(1+k+zmk)§é-+m-mn(1+x)(nn+1;[

coa

y
AB(1+1)(1-k)W—2+hm'Bk _I

21T (o414 hoB - oume - oo26) 4 BB A1) o PR -
3vkp/2 AB(L - 2)

¥ ¥y hmiBl hoBx _
.anm:) (m+1){--(?/;)—é(1+m)+ﬁ-lzm+k+anm+1 +m-k m}

2
2e(b/2) P ) e x)(2Pfr 4 1-x) o EEEER ) Y
w2522 - 1)3/2 | [(v/2)2 AB(L+N) b2

¥
;zaagm_lu(1+x)(m+1-k)i-zma(1+x)(m-1)+1m;] .
A282(1 + )< AB(L+ ) + 0T + bamk _I

%E%(-a+1-m-anm+@2m‘°—x)+(-a+hﬁ2x-m)-

hm(hnB-l)_] f ¥ . ST heEx L S |
AB(L + 1) Jvlm-l)l(b/a)z‘“m)+b/2[AB(1+x) B A TTTEy I

4
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TABLE IT.~ CIRCULATICN EXPRESSICYS FOR COFSTANT RATE OF BOLL - Contimued

19

B k[AB(2 +2)(Ba + 1) - k]
CE AB(1 + })(Bsk + 1)

LBk

o
b/z ~ ABQL + M) (B - 1)

Expreseion for circulation along the span; ¥ach lins from center intersscting

b/2€' v/2 ® v/2

Ennaaofﬂi trailing edge and intersecting Mach line from tip
v [P ear . G 3, 16PAC
®/2Y (v/2) * TRREVRICA= e
H LA 8Box(B%%k - 1) y
- x) (2% - X _
m‘!ww’“ 5 1-0 SN me e
Y <
OSba‘.‘ﬂE
An(1+x)(1—32n21b’-+m "
2 - (1+k)(232n2k+k-1)——2
A%201 + )2 BmEB(1+1)(1 k)h/2+ m{l /2
8Bk(B2n? + 1) ¥ ] u(1+1)(1+32n2k)57_+m
KB+ ) Y27 G320 4 )2 AB(1+L)(1+k)._.+,m£|
2p(b/2) 240 Py " 1 2_132,,2_ )
xx(B%n® - 1)3/2 b/2‘/ b/3) u(1+x) b/a“ 251 + x)ﬁ]( 1)
GoBx(B%f +1) ¥
';_—z(l+k)(%§+k-l)- AB(L + %) b3
16825 AB(1 + A) (B + 1 + bz
2;' -1 - )j— ’22(1 x)(28%% - 1 - k) +
A932(1+)-)_| mE3(1+).)(1 +k)—7—+hx€| (v/2)
y
NP A SoBx(B2n?r - 1) 3 163%%?- ol AB(1+x)(32n§:-1)W§-

AB(L + %)  B/2  x2pE(1 41,

mEn(l + 00 - 0T mzl

Fﬁ(l +2)(2 + k ¢ 2umK)-T_ 4 hudx - ZKAB(1 + 2)(Ba + 1)—,
-1 b/2 )

¥
AB(1+L)(1-x)W_2+m

Wiv(&+l+hu3 ooRx - 2n2p%) + W(iﬂi:1)+(a_ )

2 Y [©_ ham
ami]‘/(;u Tt | e R *Xﬁ‘ﬂ’hw}




NACA TN 2643

TABLE IT.- CIRCULATION EXPRESSICNS FOR CONSTANT RATE OF ROLL - Continmed °

or 7 Expression for circulatiocn along the span; Mach line from center intersecting
& m trailing edge arnd intersecting Mach line from tip

p(b/2)2 2 1k 8umc(Bolk - 1) 3
| =1 - ® 282n - —_— -
x2n(B2n2.- 1)3/2 l;h/a) ¢ 1oB) s AB(1 +1) b2

AB(1 + A)(1 - k)— + LmBx

AB(l+l)(1+k+2mBk)B7yz+hmBk- 2KAB(1 + A)(Bm + 1)
A232(1 +2)2 o )

SrBk(hnBk + 1) o opR

[y
Tl;_/_é(sk+1+hm3-amnk-an232k)+ BT

¥2 ¥ Yk limBik
anmzl\%m+ 1-){- W-(l + Bmk) +'b_/§EAB(1—+).)+k+m+ﬂ +m- k- Bmk}

UmBk

e
b/2  AB(1 + A (B - 1)

b _k[AB(L + A)(Bm + 1) - mB]

b/2 AB(1 + A) (Bxk + 1)
ha Expreasion for circuletion al the span; Mach line
Range of YA ? from center i.nteraecti:;stm:hng edge
2p(b/2)2 2 8Bk y 1682222
—_— _j‘ ) —_
Ex(B%n2 - 1) b/2 (v/2) AB(L +2) B/2  jopny 02

1 8Pmk(B2nPk - 1) y
a—d%%)a(l-k)(aaﬁ-l-k)+ml—mm_

0< T < ¢
TERTME (1 +2)(2 - B2
AB(L + 2)(1 - B2 T 4 hmBk
Ae;ggfmake Y oz * [?22\1”)(232@“1;-1)-
Q+2 EB(1+X)(1 kb/2+hmm-£| 2)
8Buk(B%?k + 1) y _ _ 168%nA2 1 AB(J"'”(J‘*B“E)WYEJ'W
- cos™
AB(1 + 1) b2 228201 + 2)° mEB(1+).)(1+k),Wy§+hmBlEl
® .y . b p(b/2)2 l—ye, - ) (2525 - , SEnx(B2nx - 1) ¥ _ _ 168%A®
b/2 2 b/2 = 32 k2(32n2-1)3/2|_(}’/2) ) AB(1 +2) b/2 a252(1 4 2)2
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TABLE IT.-~ CIRCULATICN EXPRESSICNS FOR CONSTART RATE OF ROLL - Continued

21

of ¥ BExpression for circulation along the span; Mach line
Range b/2 from center intersecting trailing edge
p(v/2)% /ryzg(l-kxaamek-l-k)+ Buk(Bmk - 1) y
12n(p2%2 - 1) Y2 \]g:/e) AB(1+ %) b/2
AB(L + A)(L + k + 2mBk)—— + huBk - 2KAB _l
12522}:2 ol (L+2)(Q +k+ ).D/2+ (1 +2)(Bm + 1) i
A2B%(1 + %) AB(1 + A)(1 - k) 4 hmpk _l
/2
h y
we thatt |
Yy 4Bk (4mBk + 1)
Tﬁ(%+1+m-2m3k-an232k)+m+a:-hnznak-
' ye y BBk
aﬂ{l\/nm + 1){- _((b/e)2 1+ Bak) + mEm+k+aﬁBk+l + A-?’(t% -k- Bmk}
3
b 2[AB(1 + 1) - 2]
b/2 AB(L + 1)
Range of vy Expression for circulation alcag the span; Mach line
b/2 coincident with leading edge; unswept trailing.edge
0 Y < B 8p(v/2)% _7_\/._;1732(1 2)2 ¥2 1E]
RN 3xAB(1 + 1) [b/2 * (1;/2)2+
h<L<1 _21)(L2)23_y__2+_1+_. 21._i .L..._}_._.
b/2 " pv/2 ® 3x b/2 AB(1 + 1) ( b/2/[b/2  AB(1 + 1)




NACA TN 2643

TARLE IT.- CIRCULATICN EXPRPSSIONB FOR COUSTANT RATE OF ROLL - Cootinued

b _aB(2 +2)(Ba+1) - B

b/2 E=AB(1 + 2)

a4 _2@B(1+2) -3
v/2 AB(L + .

Rangaof——

Expressicn for circnlation aleng the span; Hach
1line intersecting tip; unsvept treiling edge

Y
2p(p/2)? Bl 72 16 1 ¥2 - 28%2)
(222 - 1) iz (1;/2)2 A292(1 + 1)2 == (0/2) t *
BoAB(1 + 2)-T,
n 833 ¥ b, - -
053;5<W§ o en) BET A232(1+).)] ‘l:m A3(1+).)-{J—;| |:/2) 25
R T T Y e |
B+ 0 b2 AZB2(1 + l)ﬂ |i_3(1 . )')’375 . hz,
2(v/2)2 B:,‘/ YY) I TS I
x(B%z2 - 1) T2 (1:/2)E AZ2(1 + 02
1 1 - 212e2) o= S B2 e IFL i
2 P “BLan 2" o
b/2) AB(1 + ) 5232(1 +2) 1+ 1);73 + 5B

1 - 2582 4 -1[1;:“3(1 +Myrp- b
v/2) “(1 +1y " Aabz(l +A)° m AB(1 + 1)_}_

’ -
c“_llliB(1+1)(2‘Ba+1)W§+hB 2AB(1+L)(=‘B+1]} _!‘.B_B-m- .
2

kn:B-AB(l-rl)ﬁE 3

5zB(kad + 1) )
2(1 - 2o282 - &B) + u(1+”:|‘/(n=+1)[n= e b/2( O] 1+zm) (AB(IH-) 1-3{,

»(b/2)2 _Eﬁ (1 - 2%2) - 8= 7
(B2 - 1) V2 b/a)al AB(1 + 1) b/2

Y
1622 7] _1|“_B(1+7~)(2B=-1)ﬂ5-m(1+1)(m3-1)+u.n Ty a
rRa 0y | 0+ T+ e +§|_375(3 2+ 2 +

2{-1 + 2r?p2 - £B) - k(= - lj‘/(m 1){ I: +2Brzl+l+1-m}
AB(L +1) (‘b/2)2 v/2| AB( + N AB(1 +})

W

-
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TABLE II.- CIRCULA{TON EXPRESSI(IS FOR CONSTART RATE OF RALL - Continued

23

2" BAB(L+ A)
. b
b/2  AB(1 + )
Expressicn for cirenlation along the span; Fach lins froa center intersectdng
Bnneannrb/—z treiling edgs and intersecting Mach line from tip; unswept trailing edge
o(b/2)2 [ = 16 1 2 0. )
. (%2 - 1)\ b/2 (b/2)2+A232(1+x)2+2,IB?;2‘T; (x,/e)z‘1 *
™ y
h B9 Y 6me? |t - BBl e M) |42 . )
Sb/asb/g AB(L + 1) b/2 A232(1+x)!°°. m'“‘“”ﬁs (v/2)8 28°)
165202 m_l‘rn-:nAB(J.-o-Lb +
AB(1 + 1) b/2 m AB(1 + A} + B
" 0
_B0/2° (822 - 1 :l 1 - o) -
(222 - 1)72] blz‘/ U ( /z)2 A332(1+1) L(b/z)e\
iy e m—lIEAB(1+L)7_+h [ =22 »
AB(L +2) B/2  AZBR(1 + 2)2 lf‘lﬂy_*m [(e/2)2
b/2
RPN AP
b/2 = b/2 " b/2
33y |_B:rAB(1+).)—
AB(1 + %) b/Z A232(1+l.) linB :m(1+>.)_7_
Fn(1+x)(m+1)7’_+m-an(1+x)(na+1)
coa=1 -3h23-an3-252n2)+2(1-&232-n3)+
koB - AB(1+L)T
uB(kaB + 1 52 A |
ﬂ_)_l1+). :,\/(m+1).{4h(b/2)2+b/2 n(1+x)+1+&§|+En(1+x) 1 m]}
L7 ol (B P . - 2
(522 - 1)¥2\[(/2) . TR ]
AB{L + A){ZBa + 1)L + kB - 1 +2)(oB + 1
LS—LS 1,632!22_' -ll_ + +£ 280 + )¢ +)__2_ 3_353_3:232)..,
v/2 ¥ b2 AZ2(1 + )3 L “bmB - AB(L + M) 3pra
/2
- 2n26® _ up) 4 2EB(eR 5 2T R __daB ] B
22 - 2 wn)+AB(1+X)]J(h+l){m(h/2)2+‘-’7.§EAB(l+)«)+1+2=B+AB(1+)L) : m}

WG

[P
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TARLE IT.- CIRCULATICT IXPEESSIONS FOR CURETANT PATE OF EQLL - Concluded

JL I T
/2 AB{1 + 1)

b _AB(1+2)(Ba+1) - kB
v/2 BzAB(L + 1)

Y Expressicn for circalatim elmg the spany Mach line from center
Rangn of T = =

+ 16 1 2 .
dnan? 1) ‘_j— (v/2)2  A2R(1 + "’?M{ET/F“ 2%2) +

»- -m3(1+x)_ 2
;}; =1 M V7 I - _
u(l +1) 21»2(1 +2) AeB - AB(1 4, i 1 - 22%af)

_sp33 ¥y __ 168? ) _ln:u(ux)ﬂ’z.fl
BN B2 a2 e 07 EB(1+L)W,§+W

s
g

2
L X B p(b/2) y2 _ ap3a3 e 50 j
b23yzsyz (522 - 1) Y210/ 1 - %) BTSRRI

E 7 _ 2Ry 4 _683
ex(pea? - 1)3/2\(W/2) AB(1 + %) b/z

AB(1 + M) (2 1)-1- koB - 2AB(1 + A)}(xB + 1)
2SL51 1&2-2;] -).I_ * TEEt M +_l.EE/L.(3.m‘n-2;-399)4'2(1.-
w232 2=+ 03 L " - 1200+ 0T _| /2

22p% - ﬂhﬂ-&l?l B % -
m)*AB(l-c-).) v‘&nbl){m(b/e) +bﬁ[ﬂ(1+l)+1’aﬂ+m—1+1) 1 h}

B A1 +1) - &
Wz AB(L +2) - 42 - 1)

Range of T Expressioan for circnlation slong the spen; unswept leeding edgo;
*’/_2 ¥ach line from tip does not interssct bal

-(1-2 .

7z 5o 2 b2 ¥y
/2 " vf2 2(v/2) AB(L + 1) vf2

VORPRN ST NPN N ey g e §
21-(1-1b/2 - AB(1+).)(_L 1)‘2E_(1 an;’)

AB{1 + 1) A E-(l-x);/L;I

e




L
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TABIE III.- CIRCUIATION EXPRESSIONS FOR CONSTAKRT RATE OF PTTCH

b Zk&(l-+ A) - 2!

b/2  AB(1 + A)(k + 1)

25

Expression for circulation along the span; Mach
line coincident with leading edge

B/  m [ 2 1-22_ 8 5, 16
2
3x  |p/2 aB(1+ A)|\(b/2)2 x2 KAB(L + 3) b/2  p2p2() 4 3)

2EqB(b/2)2 sy bZa Ak
3x {Eb2+u(1+x ‘b/2 EL()‘H!)J' AB(L+ A)

b ﬂkEXB(1+l)(Bm+1) - lzmp]
v/2 AB(L + 2)(Bmk + 1)

4 _ eumk[AB(2 + A) - 3]

b/2  AB(L + A)(Bok + 1)

Renge of

Expression for circulation along the span; Hach line

b/2 from the wing apex intersecting tip
_2q8(b/2)2 8Bok  y . _ 168222 |
eB(8%2 - 1) b/2 e 1]\[ b/2)2 P G o2 s ]
1 y2Jk-1)[2-1=.v2n:"=‘(1:+1)]+—&““—k——(k+132n:2-2)--3"—+
2%yB2n2 - ('b/2)2 AB(1 + ) v/2
4Bkm
05 s L 1682 B%n? - 2)} cos™l Bﬁ(l - T - *A
= 3/2 ¥ v/2 (1 + )2

mEl—k)#é+ﬁ

_ﬁ(kar 1)[2 - B&2(k - 1] +-————-(32m2 -2-k)-L+
(v/2)° v/2
4Bmk
At ) Y Dokl u——(l o)
A%B3(1 + 2)2 Baf(1 + x)-L +
b/2 AB(l + )

T
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26
TABLE III.- CIECULATION EXPRESSIONS FOR COBSTART RATE OF PTTCE - Comtimued
Range of _7_ Expression for circulation along the span; Mach lins
b/2 from the ving apex intersecting tip
2qB(b/2)2 &mn_‘] 1 e ¥ 168222
2B(B2R - 1) E’E”‘B(l*” k""'(b/:’:)zl > "3(1 N B2 A232(1+).)2
8Bxk
por = -G)szz(x iz - Bk + 1)] +m(k+32n2-2);7—2+
1682°x2(B%2 - 2) cos-1 '7'(32”2"1)'AB§1+15
2282(1 + 2)2 [1 0L+ 'ﬁm)]
bf2 AB(1+).
1+ k + 2zBk) + k(=B + 1)
h a
WES;%SWE —7_( ﬁmb —‘ +{(;2)§(k+1)[-2-92m2(k-1)]+

T -0+ ey J

Bk (a2 oy . MEREER 2| i“l“Be“e“)*jmy .
AB(1 + 2) b/2 A%82(1 + 2)2 [,_ + k)_y_ )'J
AB(1 + 2

%Eﬁ4-m-M¢m+%+(m&+m~Q%n

hBin(-6 - 4B + 58%7)
AB(1 + 1) ]( -1)1(1,/2)2 + ok ble[m1+x)+k+1+m] m-k(nn+1}

2 8Bak(B?2 - 2 - k)T,
. 2(v/2) 2 (xe 1)[-2 ~22(x - 1)} + —j +
a2B(pea - 1)3/2 || (v/2)2 AB(L + 2)

2
A%B2(2 + 2) 7(1 + X+ Gy

Mﬂ(nznz-z)}ml{iﬁl—x+m)+a“ﬂ&7 Zk(nB-l)] EEEL(-G-O»B%-O-
3 b/2

233m3k+h9+5u232)+(hm-232=2k-233n3k)+£k——(;+—ﬁ(-6+h3+

2}
y beBx AuBk
N:(nB-l-l){ (b/2)2 mk)+b—/EEnZ1+ 1)'k+m+l:|+ma1+x 'k(mn'l):l'
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TABIE ITI.- CIRCULATION EXPEESSIONS FOR CONBTAGT RATE OF PITCH - Contimmed

27

x[AB(1 + 2)(Ba + 1) - boB]
AB(1 + A}(Bzk + 1)

h -
/2

e . hmBX
b/2  AB(1 + A)(Bzx - 1)

’ N b2
mof_,_ Expresgion for circulation slong the epen; Mach line from wing apex intersecting trsilipg
v/2 edge and intersecting Mach lice from tip
29B(b/2)2 I_y 3 ry2 (1 - B2y + 8Bk y 163%212_]
mB(anz_l)L /2 AB(1+1.)_I ksz/z)a AB(1 + 3) b/z A252(1+A)2_J
8Bk
_1{_1;2_)2-( -1)[-#(x+1ﬂ+mx+a2a2-a);%+
REAPIR.E
v/2 " vf2
l-anQk)a—
lzmem-e)}m-lﬁ_( e 1” { ~0c+ 12 - 2%k - 1)) +
A%52(1 + 2) B“‘El"‘)b/e ml”)] (b/2)
1 + 3%x)
BBk 2p o, 1852 on ol D +A—311+*’
AB(1 + 3) b/2 A2p2(1 4 2)2 B,E;“_k)_!_ __’I
b/z  AB(L + 2)
298(b/2)2 153211212—] 72 {x - _
mB(8202 - 1) :e+ (1+1)JH1,/2)2 AB(1+A) b/2 A332(l+).)2_l aw— (/2) . 1)[2
Bul(x + 1) +_1__(3“ x+ BR - p) Ty MRS (e - P -
] BE O /2 A%RR(1 + )2 -2 (1_k
)-7_ AB(1+1)
LB -
1+ k + 2zBk) + - (=B + 1)
1 [p/2 1+ ) o . -
er% _L(l_k)l !I j|+{(—b/%)2-(x+1)[z B22{k - 1] +
b/2 AB(1 + )
by .o
v/2 " v/2 " /2
LBa)
8B 1 + B2pKk) +
W - 2 - )T 4 MERAEE - )| o )72 Cl*lj +
BE O W A%2(1 + 2)2 } B:n(1+k)-7— _(—)Elﬂtl
23.%5(4-32&-@+m+532,2)+<wnm-5m)+
YBxn(-6 - kaB + 1 Py ¥ [ b=mx . S
FIERRY :N-T_m-l{(b/2)21+M)+b/2|:.—AB(1+l)+k+l+2m£|+AB(l+l-) k(mB-»lE,»
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TABIE ITI.- CIRCULATI(N EXPRESSIGHS FOR CONSTART RATE OF PITCH - Comtinued

Range of —— Expression for circulation along the span; Mach line from wing apex imtersecting trailing
v/2 edges and lutersecting Hach line from tip
2qB(v/2)2 x - 1) Pk + 1 +————(k n2n2-e)_L+
*xkmB(B2z2 - 1) am{(blz)z E j ")
hxoB
lﬁanakz(Bama-2)}m_1|:21+k+anm)+m_2k(m3+l) .
A%82(1 + 2)2 Bk
M ;/Lz(l AB(1 + 1)

e
eSSt

%E}E(-G-B%~hm3+233m3k+§52n2)+(hm+232n2k-za3m3k)+.

hmx(_s-hns+5n"’mﬂ] 1 r- i (1+m)+LE_£_+k+1+am;J+L-k(m+1)
AB(1 + ) k(h-l)l(b/a)z v/zl_ aB(1 + ) AB(L + 2)

T BET ST

1 k[AB(2 + 2)(Bm + 1) - bmB]

b/2 AB(1 - A){B=x + 1)
Range of Expression for circulation along the span; Mach line from

b/2 wing apex intersecting trailing edge

2¢B(b/2)2 y 8Bmk  y 1622x2 —l
AmB{B%RE - 1) e *)]LE;%E“ HEAE) + B+ b2 W21« 02|

—ﬁ—( 1)[2 - B2%B(x + 1)] +——(k+32n2-2)——+

1
a1 {(b/z)a

v/2
osg%sﬁi
- 2%x) +
b/2 1+ )
w -2)} cos-1 1 —a” AL ]}5 {(—bk%(k+1)[2-nzm2(k-1]+
bv/2  AB(1 +

v kopx
BBk o2,y , EWAC nzne-a}m-l a0
AB(L + 3) b/2  A%B2(1 + )2 B“E""”Tak”ﬁ
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TABIE III.- CIECUTATION EXPRESSIONS FOR COHSTANT RATE OF PIICH - Continued

Expression for circulation slong the span; Mach line from

v/2 wing apex intersecting trailing edge
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TAHLE ITT.- CIRCULATI( EXPRESSICHS FOR CQUSTART BATE OR PTICH - Contimned
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TABIE ITI.- CIRCULATION EXPRESSIONS FOR CUNSTANT RATE OF FITCH -~ Comtinued
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TARLE ITI.- CIRCULATICY EXPEESSICYS FOR COESTIANT BATE OF PITCH - Coocluded
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Figure 1.~ Types of wing configurations treated. Supersonic leading and
trailing edges; stresmwise tips. Note thet the Mach lines from the
leading edge of the center sectlon may intersect elther tip or traeiling
edge and also that the Mach line from either tip does not intersect the
remote half—wing.
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Figure 2.- The area of integration associated with a point (x,y) on the
wing trailing edge.
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Figure 3.- The limits of integration for equations (9) and (10).
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Figure 5.- The distribution of circulation along the span for wings at

a constant angle of attack with X = 0.

39




4 Q
/]
4
L \\\\ :
/4 AmR
4 \ .
/4 .
Y
/4 o
ST
\: k
ﬁ =
frClE
[ E~0nQ Q0000 .
\ /7 .5/_.x2357:&1w
=iy
R
—a/Fam: ~
ivian
A .
o T N ® x O
s
8

NACA TN 2643

A= 0,

AB = u.

(b)

Figure 5.- Continued.
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Figure 5.- Continued.
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Figure 5.- Contlnued.
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Figure 6.- The distribution of circuletion aslong the span for wings at
a constant angle of attack with X = 0.25.
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Figure 8.- The distribution of circulation along the span for wings at
a constant angle of attack with A = 0.75.
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Flgure 9,- The distribution of circuletion along the span for wings at
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with a constant rate of pitch with X = 1.00.
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(b) AB = 3.

A = 1.00.

Figure 21.- Continued.
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(d) AB = 6.

A = 1.00.

Figure 21.- Continued.




NACA TN -2643

D m e —— e i ————l o

131
[ W,M
\\\\\\hn““nu\h \\\NW
> 1] | \\ \ \\ \‘_ o
(L 1( AN
NAUREEE| ]
NAVENEER .
NN / N
SNIAN ] .
// /., / / / i O m.
ANNNAS =
- . - Al -~
/M/ /, / ﬁ 5 VJ_ ¥ om. ,m
mmu ,_//., // / ,_., i N & W
meuﬁmww% % // 1 / _’ O k
\ )
ANA :
NG :
N |
WL
I R VS o

T T e e . e —— e et e e —— — it e —tm <



132

=T
e / \\\
AN \ L
NAVA WRNINLIES
NN LA E
NNIAER RN
N \ |
NN L
SR
NN AUNTES
AL
. ,./// ~ Wr’__ Nk
mmuawn_u:n_w_mmm w,,w,// ,.,, ,._,,
NIRRT //,//
W
AR
AL
O ) N L) Qg ~ O

NACA TN 2643

(f) AB = 12

A =1.00,

Figure 21.- Corntlnued.
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(a) Variation with Mach number. A = 4; A = 30°; A =0.5.

(b) Variation with aspect ratio. M = 1.53; A = 30°; A = 0.5.

Figure 22.- Some illustrative variations of the distribution of the
circulation along the span with Mach number, aspect ratio, sweep-
back, and taper ratio for wings at an angle of attack.
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(d) Variation with taper ratio. A = L4; M = 1,53; A = 300,

Figure 22,.~ Concluded.
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(b) Variation with aspect ratio. M = 1.53; A = 309; A = 0.5.

Figure 23.- Some illustrative variations of the distribution of the
circulation along the span with Mach number, aspect ratio, sweep-
back, and taper ratio for wings with a constant rate of roll.,
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(d) Variation with taper ratio. A= by M= 1.53; A = 36.0.

Figure 23,- Concluded.
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(a) vVariation with Mach number. A = 4; A = 30°; A = 0.5.

=
08

.04

(b) Variation with aspect ratio. M = 1.53; A = 30°; A = 0,5,

Figure 2k,- Some illustrative variations of the distribution of the
circulation along the span with Mach number, aspect ratio, sweep~
back, and taper ratio for wings with a constant rate of pitch.
Static margin of 0.05C."
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(d) Varietion with taper ratio. A = 4; M = 1,53; A = 30°.

Figure 2k, - Concluded.
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d. C.g. located al wing apex
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e SN\ Wing apex
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(a) M =1.25; A =4 A =30 A =0.5.
Figure 25.- Some illustrative varlations of the distribution of the

circulation along span with the position of the axis of pitch for
wings with a constant rate of pitch.
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(b) M=20; A=1k; A=230° A =0.5

Flgure 25.- Continued.
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(¢) A=12°;A=1L4; M=12.8; A =0.75.

Figure 25,- Continued.
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cg.located at wing apex.

c.g. located a distance H chord lengths
 donnstream of wing apex

(1) A=54° A =1L4;M=1.8 »=0.75.

Figure 25,- Concluded,
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